Ten commandments for a teaching model of the macroeconomy
Teaching macroeconomics at the introductory to intermediate level requires more than a thorough knowledge of past and present literature on the subject. Like in any serious scientific discipline student progress is produced in a roundabout process. Learning is investment, but first-time investors require more than a systematic step-by-step introduction to the discipline which, ultimately, will equip them with the tools to tackle real-life problems and understand the academic literature. What is needed are teaching models that lend themselves to produce answers to real life problems at an early stage of their education, albeit at the price of some heroic simplifications. The principles model should be able to handle some stylised problems very early on in the course. On the other hand, the model should also lay the foundation for robust analytical habits that will prove useful at later stages of education. There is no point in being problem-oriented at the price of conveying the feeling that, in economics, the sun rises every day for a different reason. Textbook macro models have to meet several pedagogic criteria of quality. a) They should provide a coherent framework for analysis of multi-market macroeconomic equilibria, thereby fostering the feeling for interdependencies. b) They should provide first insights into effects and side effects of macroeconomic policy. c) They should acquaint the students with the major macroeconomic price and quantity magnitudes.
d) The models should provide training in the handling of a simple formal apparatus without being mere formal exercises. They should lend themselves to at least some eclectic applications. Some principles texts definitely overdo this aspect, though, by suggesting that everything neatly falls into place without ambiguity.
Notwithstanding these exaggerations of neatness, introductory texts must benefit from some tolerance regarding scientific rigor in order to elicit interest at an early The ten ideal desiderata for a good teaching model comprise:
-4 -1. Early on, students should learn how to handle simultaneous multi-market equilibrium (market for goods and services, money market with implicit bond market, labour market, balance of payments equilibrium). They should espouse the idea that the macroeconomy is not the mere juxtaposition of independent "markets", but rather a system with interacting markets.
2. They should get used to some rigorous stock-flow hydraulics, and, hence, dynamics.
3. Likewise, their model ought to contain a rigorous price level/price change mechanics.
4. At some early stage, the role of expectations should become clear through a plausible model of the mechanics of expectations.
5. In its more advanced stages, it should be able to accommodate intertemporal relationships. Stockman (1996) suggested that macroeconomics basically amounts to little more than a generalisation of simple demand and supply graphs of the pizza market and that ISLM was worth at best a single footnote. On a more sophisticated level, Danthine (1998) mounted his assault with a sketch of a process aimed at identifying the objective one is groping for in the Graal-like quest for a successor to the conventional ISLM model. The aim of the amendment proposed by this article is more modest. It discusses the attempts to adapt the traditional model to the contemporary practice of central banks. This endeavour is generally associated with the hope the modification do not complicate the analysis because the new component, the monetary policy rule, is expected to make an old one, the LM curve, redundant.
Rigorous modelling of real and nominal rates

A textbook macro-model without an LM curve
Amended basic macro-models for introductory courses have been proposed by Taylor (2001), Frank and Bernanke (2001), and Romer (2000) . They can be summarised by 3 equations (all parameters positive): 3. Deviations from potential output are modelled as self-correcting. To be sure, there is here a peculiar kind of self-correction mechanism in that it results from the interaction of markets with a central bank that sticks to a pre-determined rule of monetary policy.
4. Unlike the IS-LM model, it is dynamic from the outset. There is no simultaneity.
Note that the notion of inflation is introduced into the model even before the notion of a price level.
Moreover, it provides the simplest conceptualisation of a contingent policy rule. The contingent target real interest rate of the central bank is a positive function of the prevailing rate of inflation. An economist educated in conventional macroeconomics might wonder how we justify the assumption that the central bank controls the real interest rate. The reform authors base their assertion on an argument of differential speeds of adjustment. Indeed, under normal circumstances, the (short-term) interest rate is under the control of the central bank, and prices and inflation are comparatively inert. Given this inertia, one could call the resulting power to manipulate the nominal interest rate with given short-run inflation rate and/or given inflation expectations a power to manipulate the real interest rate. To what extent the real interest rate that is being manipulated in this fashion is the real interest rate that really matters, is an open
question. Yet, surely, the assumption of short run control of the real interest rate by the central bank is no more outlandish than what is suggested by conventional IS-LM or SRAS-AD models.
-7 - Shocks to the real final demand for goods and services move the IS curve and hence the AD curve. The initial response will be purely quantitative. Subsequently, inflation and the real interest rate adjust, leading to an new steady state inflation and real (and nominal) interest rate. This is very similar to what we know from ISLM, or more precisely "aggregate demand-aggregate supply" macro models, with one important difference: the adjustment path is co-determined by the MPR. It also makes sense that the steady state real variables are independent of the monetary policy (i.e. the MPR). Equations (4), (6), and (9) form the "core" of the model, the remaining four equations constituting mere "appendices". Those appendices ensure price level-inflation consistency and keep track of the perfectly passive money supply. Equations (4) and (6) combine to yield the aggregate demand curve in the conventional nomenclature, 
Figure 8: Steady state with gap-driven MPR
A problem with this specification stems from the fact that the attainment of a constant steady state rate of inflation is no longer ensured. Indeed, a shift of the IS curve will move equilibrium away from Y * , and there is no mechanism any more for bringing output back to potential. Output stays put above potential and inflation keeps increasing. This does not mean that there is anything inherently "wrong" with the model, it just describes a very unlikely monetary policy, viz. one that totally ignores inflation. It should come as no surprise that a monetary policy rule that completely neglects inflation will exhibit this kind of behaviour. Adding an income term to the MPR amounts to giving a positive slope to the isoinflation curves. These curves now remind one of regular LM-curves, but they are not, of course. First, they are iso-inflation, not iso-price-level curves, and second, they do not reflect market responses to inflation but rather central bank responses to inflation.
Thus, they translate directly into an AD-curve. Ordinary LM-curves reflect a given particular supply of central bank money. Here, the supply of central bank money is endogenous. A comparison between graphs 10 and 11 reveals that an output gap-augmented MPR does not significantly alter the mechanics of the model outlined earlier, either. Fig. 12 shows the response of the system to a shift in the IS curve. As is easily seen, this shifts the AD curve to the right. The only difference with the preceding simple MPR consists in the fact that the impact effect on income is smaller because the rise in output beyond Y * , via the Taylor rule's third term, immediately raises the real interest rate. This effect, however, is purely incidental. It owes more to the quite arbitrary lag structure than to the essence of the expanded MPR. At any rate, the return to the -17 -steady state will be, ceteris paribus, be faster given the extra term than it would be without it.
Figure 12: A shift of the IS curve under an expanded MPR (Taylor rule)
The Taylor rule can also be used for the purpose of central bank watching. Assuming that the central bank uses a standard Taylor rule with both parameters equal to 0.5, and using the nominal form of the rule, we can infer the fluctuations in the implicit inflation rate. The nominal version of the MPR is constructed via the Fisher law:
Thus, the rule in nominal terms reads:
While, for the fed, the unknown to be computed is i t , the unknown for the fed watcher is t p .
( ) Consequently, at the real interest corresponding to the zero nominal interest rate , the real MPR must have a kink as well. But, whereas the nominal MPR just becomes flat at a zero nominal interest rate, the real MPR starts rising again. Fig. 14 illustrates the nature of this constraint. Thus, regardless of the concrete shape of the MPR, the real MPR will have a kink at the inflation rate at which the nominal MPR meets with the inflation axis. At lower inflation rates, the real interest rate rises again along a line with slope -1. That is, at least within this framework, the MPR is impotent at inflation rates below the i=0 inflation rate. This has a profound effect on the AD curve since this curve will exhibit a kink as well. We get a backward-bending AD curve. The kink occurs at the inflation rate which corresponds to the lowest real interest rate, i.e. at the inflation rate where the nominal MPR hits the π axis.
Taking account of the non-negativity constraint requires some slight modifications of the model. The nominal MPR now has a kink: The intersection of equations (23) and (24) is the critical rate of inflation below which control by monetary policy, in this model, ceases. This need not yet be an area of deflationary spiral, but control is taken over by the real demand sector. As long as inflation is between points X and N, the system is stable. Once inflation has dropped below the level indicated by X, the system is out of control and gets into a deflationary spiral.
What can monetary policy achieve under these circumstances? Not much, actually, since point X is entirely determined by real supply and demand factors. Via r 0 -21 -monetary policy can extend or shrink the lower leg of the AD curve. In addition, it can determine the slope of the upper leg, but in order to shift down the lower leg, other instruments, or transmission mechanisms other than the classic interest rate mechanism, are required. The latter would be most welcome, but there is no way to achieve this by changing the parameters of the MPR. It looks as if monetary policy in general, and MPR-based monetary policy in particular, is a device for well-behaved times, but is of limited use in extreme situations. Now, of course, this model cannot be the last word on liquidity traps and deflationary spirals. After all, the only transmission mechanism in the IS-MPR model that is considered here is the interest rate mechanism. It may well be that other transmission mechanisms remain intact even when the simple interest rate mechanism fails to work. Still, this model provides a transparent framework for pedagogically illustrating such statements about Japanese deflation as: "Once inflation turned negative and short-term interest rates approached the zero-lower-bound, it became much more difficult for monetary policy to reactivate the economy." First, in the current account, a term denoting the effect of domestic income on the current account surplus is missing. Second, inflation is missing from the MPR. The MPR includes only output. These apparently innocuous simplifications are not purely fortuitous, In fact, they greatly simplify the analysis. But they come at a price.
All interactions can be drawn in one single set of three diagrams. As specified by this model, the MPR looks very much like an LM curve, though, of course it isn't one. c. A rigorous stock-adjustment specification of the net foreign investment function, or, alternatively, an arbitrage condition. As formulated by Romer, the NFI function amounts to a permanent flow relationship whereas foreign lending, by its very nature, is a stock adjustment decision which is driven not by a stable flow demand but rather by a portfolio demand.
Requirements a. and b. can fairly easily be implemented. They can be met by inserting an extra term into the current account expression, replacing the MPR by an MPR contingent on the rate of inflation, and by introducing some short-run aggregate -27 -supply process. For the latter purpose, we can draw on the closed economy short-run aggregate supply process.
Such a model could look as follows: Substituting the current account surplus side of the FEE relationship into the IS curve yields the new IS-FEE relationship.
This can now be translated into graphical form. will observe an increase in the real interest rate and a decrease in the real exchange rate (appreciation). Inflation will rise unless the MPR is adjusted to counteract the higher inflation. Net foreign investment and net exports will decline due to a crowding out of exports in favour of government purchases. The impact effect will show a temporary increase in output. The real exchange rate will temporarily increase (depreciation). There will thus occur an effect of reculer pour mieux sauter in the real exchange rate: first a depreciation, and subsequently a reappreciation beyond the initial level. argue that we are committing no worse sin against orthodox stock-flow hydraulics than we do in using a static investment function instead of modelling the entire stock adjustment process. Given the differential speeds of the two processes, the sin is less serious in the case of investment than in that of international lending. Real investment is subject to physical inertia whereas international lending is an instant affair and therefore should not be "tamed" for the sole purpose of simplicity. The simplicity that -33 -might be called for in such a case is more likely to be the assumption of perfect arbitrage between the loan markets.
How does the IS-MPR model measure up to the ten commandments?
It is time to take stock and evaluate how well the new family of models performs in terms of the desirable features of a teaching model.
1. Regarding the training in thinking in terms of interacting markets, the IS-MPR and its derivatives are certainly no worse, but perhaps also no better, than the traditional model. To be sure, in this exposition, we have omitted the labour market, but this is omission only has to do with our aim to pinpoint the critical issues. Inserting a conventional model of the labour market poses no problem whatsoever. Moreover, it has been shown that the money market can be added without loss of essence. Yet, the model is less than rigorous regarding e.g. Walras'
Law, but so is the conventional model. The overall budget constraint is not discussed, nor can it be without addition of a much more intricate apparatus. to demonstrate the operation of the economy under an MPR, which excludes arbitrary discretionary money supply shocks.
9. The natural rate and the superneutrality hypotheses are respected though, of course, not really founded. They are imposed on the model rather than carefully underpinned. Again, we are in excellent company since conventional teaching models do likewise. What appears as a lacuna is a reflection of the traditional division of labour between business cycle macro and growth macro. The attractor mechanism which automatically brings the system back to potential is a faithful copy of standard models. It conveys the consensus of the discipline. -36 -
Concluding remarks
This article has attempted to show how a monetary policy rule of the kind currently being implemented by central banks can be plugged into a simple macroeconomic teaching model. The resulting family of models is no more difficult to handle than a regular IS-LM model and its customary derivatives. Also, the new family of teaching models fits perfectly well into an IS-LM framework, so that the teacher is spared the difficult either-or decision. We feel that the new family of models should not crowd out the conventional IS-LM family but should rather complement them. It is more judicious to treat the IS-MPR models as a sub-species of conventional models than to claim the whole territory for it. The IS-MPR models more or less adequately depict a particular monetary policy environment but they are definitely less general. 
